Based on the second law of thermodynamics, the heat and mass exchange process of air and water in the tower from the view of exergy analysis is studied when the water temperature is lower than the air dew point temperature. Taking the initial state of air as the reference point and considering the phase change of moist air in the process of heat compensation, the paper puts forward the suggestion on redefining the expression for the exergy of water .It provides theoretical support for the design of the heat compensation tower and the setting of air and water parameters under the working condition. 
INTRODUCTION
Heat pumps are often used to extract heat from soil or groundwater for constructions in cold areas. If the temperature of soil or groundwater cannot be restored in summer, it will cause cold accumulation [1] , which makes the heat pump system decline in long-term operation performance. In order to solve this problem, many scholars propose to compensate the heat for soil or groundwater during summer and transition seasons. At present, the commonly used methods of heat compensation include solar energy, boiler and electric heating. However, these methods have their own disadvantages. Therefore, Deng et al. proposed that the reverse use of cooling tower as heating tower in summer compensating heat for groundwater [2] . The direct contact of air and water can not only alleviate the cold accumulation, but also reduce the urban heat island effect. In order to improve the thermal performance of the heating tower, it is particularly important to analyze the energy exchange and transfer process in the heat compensation tower. Energy analysis method is often used to analyze energy consumption of energy systems. Based on the first law of thermodynamics, this method focuses on the quantity of energy rather than the change of energy quality. Few studies have been done on the exergy transfer process of heat and mass exchange in heat tower [3] [4] [5] [6] .
In this paper, air initial state is taken as the reference point to analyze the transfer process of heat and mass exchange between air and water. From the perspective of exergy analysis, the feasibility of heat compensation tower to raise the temperature of groundwater is explained, which provides theoretical support for future research.
SELECTION OF REFERENCE POINT
A reference state should be selected as a zero exergy point before exergy analysis. Currently, the selection of reference points can be roughly divided into three types. Moran M J [7] and Wepfer WJ [8] used outdoor unsaturated air state points as reference when analyzing moist air. Since the outdoor air parameters fluctuate greatly, San J Y [9] divided the outdoor air parameters according to time periods, and used the average obtained as the reference point. Ahrendts J [10] believed that water is ubiquitous in the environment, and proposed to take saturated wet air state as the reference point, which is deemed that water does not have chemistry exergy.
If the reference point is set at saturation, consideration should be given to the cost of water extraction in the system, as well as whether the water will eventually be recycled. In this paper, the groundwater is taken as the analysis object, and its temperature is lower than the air dew point temperature. Normal temperature water does not have this characteristic, which is equivalent to cool water at room temperature. Considering the use of heat compensation tower, the heat of backwater needs to be used to compensate the heat. Therefore, it is reasonable to select the reference point as the air inlet status point.
HEAT AND MASS EXCHANGE PROCESS

Device of Heat Compensation Tower
(In Figure 1) The groundwater stored in the storage tank is supplied to the tower sprinkler by a pump. The air intake is arranged at the lower part of the tower where the air is drawn into the heat compensation tower by a fan at the top of the tower. The packing is arranged in the middle of the tower where air and spray water exchange heat and moisture. Eventually, waterfalls due to its own gravity, and air is pumped from the top of the tower into the surrounding atmosphere. 
The Process of Exergy Transfer Between Wet Air And Water
According to the survey, the underground water temperature in cold regions is lower than the air dew point temperature in summer. Therefore, the range of temperature in this paper is set as T W <T L,a <T 0 .The moist air was cooled below the dew point temperature, releasing latent heat ,meanwhile, transferring the sensible heat to the water. After the heat transfer, the water flow and temperature will increase. According to the survey, the temperature of underground water in cold regions is lower than the air dew point temperature in summer. Therefore, the range of temperature in this paper is set as T W <T L,a <T 0 . The moist air was cooled below the dew point temperature, releasing latent heat ,meanwhile, transferring the sensible heat to the water. After the heat transfer, the water flow and temperature will increase, while the moisture content and temperature of the moist air will decrease. In an ideal state, it is assumed that the amount of water contacted with air is large enough and the time of contact is infinite. The water vapor in the moist air will completely form condensed water, and the water will have the same final temperature as the moist air. However, the moist air cannot be completely condensed into water under realistic conditions. Therefore, exergy analysis of the heat and mass exchange process for moist air and water is a method to explore the heat transfer potential of heat compensation tower.
The heat and mass exchange zone of the heat compensation tower is taken as the research object, and the changes of kinetic energy and potential energy are ignored. Moist air can be regarded as an ideal gas composed by dry air and water vapor. The initial air state point is taken as the zero point. The exergy of initial state water consists of two parts, viz: heat exergy and chemical exergy. When the temperature of water is lower either than the air dew point temperature or the reference's(the amount of evaporation is negligible), the moist air releases heat and heat exergy to water, leading to the rise of sensible heat of water. Unsaturated humid air consists of dry air and superheated water vapor. The moist air receives the cold exergy from the water, leading to the superheated water vapor cooled and condensed under the constant pressure of water vapor component, which releases the latent heat of condensation exergy simultaneously. The water vapor exergy will be converted to water exergy, which explains the rise of water's temperature in aspects of latent heat. The exergy of moist air can be divided into three parts [11] ,viz: heat exergy, mechanical exergy and diffusion exergy, with no consideration of phase transition.
Influence of Condensation Latent Heat Exergy on Heat Compensation Process
During the heat exchange process with the water, the moist air is cooled below the dew point temperature, forming condensation water under isothermal and isobaric pressure, and releasing latent heat meanwhile. Many scholars have proposed the idea of utilizing the latent heat of condensation released by moist air. [12] The heat and mass transfer process at the condensation of moist air was first noticed. Some scholars have proposed a solar energy chimney [13] [14] [15] , which is a device to extract, recycle and utilize condensate water by using moist air condensation. Federico Scarpa [16] placed the solar panels below the air dew point temperature to collect the heat through phase transition of moist air. In order to be close to reality, the latent heat exergy released by the condensation of water vapour should be considered in the calculation of the heat compensation process of moist air exergy and water exergy.
RESULTS AND DISCUSSION
Due to the lack of experimental data in this paper, an example is presented to prove that the main cause of water temperature rise is the latent heat released by absorbing steam condensation. Water in 1 mol, 100 ℃ needs to absorb 40.62 KJ of latent heat when it is evaporated isothermallyinto 1 mol of watervapor; However, water in 1 mol, 60 ℃ heated to 100 ℃(without water vapor generation) needs to absorb about 3.014 KJ of sensible heat. It can be seen that the latent heat released by the water vapor phase transformation is much higher than sensible heat.
CONCLUSIONS
1. The transfer process of heat and mass exchange between air and water is described in detail.
2. Compared with sensible heat exergy, the latent heat of condensation exergy released by moist air has significant effect on the compensation process.
